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ABSTRACT
When the eye gazes at a colored stimulus over a certain
length of time, it becomes fatigued and perceives the stimu
lus differently after it has adapted to it than when it first
viewed it. An instrument has been designed, built, and tested
and the results indicate that there is a significant differ
ence between the fatigued eye and the fresh eye and that this
difference can be expressed in colorimetrj,c terms.
INTRODUCTION
Experiments have shown that, if we stare at an unvarying
stimulus, the eye becomes fatigued to this sensation and the
stimulus appears to decrease in saturation and change in
brightness due to adaptation. The desaturation continues,
although more and more slowly, until constant saturation is
reached after 1 or 2 minutes. William Shurcliff , of the
Cambridge Electron Accelerator Laboratory at Harvard Univer
sity, has designed an experiment which demonstrates this
eye fatigue by placing two pieces of paper having the same
stimulus on a given background and asking an observer to
gaze at a point P between them. See Figure 1 below.
After about 10 seconds, he moves the sample piece at a
moderate speed. While the observer still gazes at the
fixed point, he notices that the moving sample produces a
much greater saturation sensation than the stationary ref
erence piece. Shurcliff states that the loss in saturation
p
due to gazing is nearly complete after 6 seconds.
SAMPLE
P
REFERENCE
FIGURE 1
A further study of this phenomenon has been done by
David L. MacAdam where he asked subjects to match a stimulus
in a colorimeter in two different instances, once when half
of the field containing the primaries flickered and once when
it remained on. The results from the two matchings were sig
nificantly different.
Shurcliff, however, only observed this difference between
a fatigued eye and a fresh eye and suggested that a colori-
metric analysis of a few stimuli might prove enlightening.
Using his basic experimental design, an "Eye Fatigue Analyzer"
was built and tested and the results were analyzed. Now
this change may be expressed so that people may visualize
its extent without actually seeing it.
But what is the significance of this endeavor? Meas
urements made on a colorimeter and plotted on a CIE diagram
represent a visual sensation which has decayed due to pro
longed fixation. A color match using a moving field, how
ever, represents the fresh eye and is more closely related
to what we see when the eye performs its function in viewing
a scene. It is also possible that the CIE diagram is a plot
of the bored eye and there may be another plot, outside of
the present one, which represents the fresh eye.
OBJECTIVES
1. Is there a significant difference in an observer's
color sensation between when the eye first perceives
a stimulus and after it has adapted to it.
2. If a significant difference is found, what is the
nature of the difference.
EXPERIMENTAL PROCEDURE
To build an instrument which would measure this "decay"
in a fatigued eye, one must consider certain design character
istics. First, the stimulus must be positioned so that the
image falls close to the center of the retina, as this will
affect the amount of change in saturation and brightness.
Contrast enhancement must be considered as the color of the
background will affect the final results. Also, since the
observer must gaze at a fixed point for awhile, after images
may be a source of error as the complementary color of the
sample or background may appear when the sample is moved.
The size of the sample and reference will also affect the
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results as will the viewing distance, the purity of the
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stimulus, and the wavelength of the stimulus since a hue
shift of 1 5 mu may occur if white light is added to it.
Simultaneous contrast, or the fact that, if two patches of
the same hue but different saturations are placed next to
each other, there is a tendency for the patch of lower sat-
8 ?
uration to appear as its complementary color, is a factor.
The observer, too, must be chosen carefully as, past the age
of 20, a person's eye color fades causing a loss of short-
q
wave stimulation. To choose an observer with good color
vision, possible subjects must be given a test for color
blindness, such as one where colored numbers are placed on
a differently colored background and the subject is asked to
1 0
recognize the number. The observers, also, should all be
either male or female, have no systematic disorders, and
should not be either excessive drinkers or smokers.
After all of these characteristics are taken into con
sideration, one main problem remains which cannot be over
looked; a group of observers have difficulty in obtaining
consistent readings when making observations of a visual
phenomenon and, as Bartleson reports in his study of haplo-
scopic colorimetry, only about 10$ repeatability, as com-
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pared to standard colorimetry, can be expected.
It is important to note here that, since there are so
many variables which have been controlled by the design of
the apparatus, the results obtained are significant only for
this particular instrument and any variation in design may
change the extent of the observed effect.
The instrument which was designed and built to measure
the observed difference is pictured in Figure 2 with the view
ing hood in place and in Figure 3 with the hood removed to
show the field which the eye observes. The frame of the in
strument was constructed of 2x2" pine and the exterior is i"
plywood. The viewing hood is made of sheet metal with part
of a pair of safety goggles fitting into the front end to
keep out stray light when an observer puts his head against
the viewing hood. The interior of the hood is covered with
black flocking to further prevent any reflections.
7When an observer gazes into the instrument, he sees a
piece of 6x6" opal glass divided vertically by a black line
with a small light bulb in the center of it for the observer
to fixate on. See Figure 3. When the instrument is turned on,
the observer stares at this spot of light, with both eyes, and
sees a colored field to the right of the line and, to the
left, a patch of the same color which appears to move from the
bottom to the top of the field and then disappear. Except
for the patch, the field appears black. This is done by ex
posing a long strip of 70 mm film except for a clear 2" aper
ture. The ends of this strip are then joined, forming a belt
which is motor driven and passes behind the opal glass view
ing screen. A cleared piece of film was put on the right
half of the field to compensate for the effects of the film
on the left side. A schematic diagram of the top view of the
optical-mechanical design is shown in Figure 4.
The motor drives the belt between 2 drive rollers, one
to drive the belt and the other to keep tension on it, bring
ing the aperture past the screen every 9 seconds. The light
from the 150 watt projection bulb passes through a piece of
P-2043 heat absorbing glass, 2-#80C Wratten filters to con
vert the source to Illuminant C, a piece of ground glass to
diffuse the light, a 1x| inch aperture, the overall filter
and correction filters, and the opal screen. Switches for
8the light, belt, and fan are mounted on the front of the in
strument and screen-covered openings on both sides of the in
strument provide an adequate circulation of air thru the ap
paratus. The top of the instrument was hinged so that it
could be opened to make filter corrections. A wiring diagram
is shown in Figure 5.
The experiment was designed to measure the effect of
four different overall stimuli; a 3-50 CCRed sandwich, a 2-50
CCBlue sandwich, a 2-50 CCGreen sandwich, and 1-47B. The
first three have a purity of 55-65$ and the fourth has a purity
of 99.4$. The CC filters were used because saturation changes
could be made by the addition of lesser amounts of the same CC
filtration to the side which appears less saturated and the
47B was used because of its high purity and because saturation
changes could be made by the addition of CCYellow filters to
the side which appears more saturated since, on the CIE dia
gram, CCYellow filters plot complementary to the 47B.
Observers were asked to look into the viewing hood and
fixate on the spot of light in the center and not to follow
the aperture as it went by. They were also told that the tester
would make filter changes until the observer felt that the
left side of the field in motion matched the stationary right
side. With one of the overall filters placed over the aper
ture, the 2-50 f CCGreen sandwich for example, the belt was
started and, after the aperture went past, the observer was
asked what the difference in the two sides appeared to be.
If, for instance, the observer stated that the left side was
brighter and more saturated, the tester would open the top of
the instrument and add some amount of neutral density to the
left side and CCGreen to the right. Then, the observer would
again look at the field and see if this correction was suf
ficient. Now he was asked to make his judgment on the third
or fourth appearance of the aperture moving past the left
side. If he was not satisfied with this correction, the
tester would make further changes until he was satisfied.
This procedure was repeated for each of the four overall
stimuli for each of 13 different observers, four of which
replicated once and one of which replicated four times. The
results were tabulated subtracting out the effective density
of the CC filters added for the correction. The mean CC and
neutral density added was calculated for between people obser
vations and within people observations and 60$ confidence
limits were figured for these. The results were then ex
pressed as a plot on the CIE diagram and also in Munsell
notation. Conclusions were then reached and the report,
including recommendations, was completed.
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RESULTS
Although four different overall filters were used,
calculations were only made on the three CC sandwiches be
cause the range on the 47B extended both toward an increase
and a decrease in saturation and it was felt that an analy
sis of the results would be meaningless. Therefore, only the
type of correction and comments will be presented. For the
CC sandwiches, the ranges and means with ponfidence intervals
and tests of significant differences of the means and varian
ces for between observer readings and within observer readings
were found and the mean values were read in a Differential
Colorimeter. These values were then plotted on a CIE diagram.
There were 17 samples for between observer readings and 5
samples for within observer readings. The 60$ confidence
limits placed on the means was chosen because of the fact
that the measurements were visual and no great degree of
accuracy was expected. On the significant difference tests,
however, 90$ confidence limits were used.
Except where stated differently, neutral density filter
corrections were added to the moving side to reduce the bright
ness to that of the stationary side and CC filter correction
was added to the stationary side to increase its saturation to
that of the moving side. This means that the fresh eye per
ceives these specific stimuli both brighter and more saturated
than the bored eye sees them.
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SIGNIF. SIGNIF.
CONFIDENCE DIFFERENCE DIFFERENCE
INTERVAL IN MEANS IN VARIANCE
RANGE MEAN (60$) (90$) (90$)
<> 0-50 14.7 1 1 .8-17.6 NO NO CC
RED
.1-.8 .44 .23-. 65 NO YES ND
0-40 11.2 8.7-13-7 NO NO CC
GREEN
.1-1.0 .59 .51-. 67 NO NO ND
1.9 1.7-2.0 YES NO CC
BLUE
0-1.2 .52 .44-. 60 NO YES ND
-,;'< &
* means that the CC filters were added to the moving side
instead of the stationary side
Figure 6 shows the CIE plots of the bored eye and arrows
showing how the fresh eye saw the same stimuli. Figures 7,8,
and 9 are enlarged sections of this diagram. The 60$ confi
dence limits on the means are also plotted and MacAdam
ellipses, shown multiplied by a factor of 10, are drawn around
the responses of the bored eye.
The 47B filter was found to be very difficult to match.
Some observers made corrections indicating that the moving
16
side was too saturated while others thought it to be desatur-
ated but too bright. A plot of this is shown in Figure 10
with the corrections outside of the CIE diagram being an es
timate since the colorimeter could not read anything greater
than 100$ purity. The Y values for all of the 47B plots are
less than 1$.
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DISCUSSION
Although the observers were satisfied with corrections
made in saturation and brightness, it may be seen from the
CIE plots that changes in dominant wavelength also occurred.
This was caused by the neutral density filters which are not
actually neutral but are slightly yellowish and by just the
change in brightness level itself. However, after the final
corrections were made and the belt was stopped so that the
left side of the field was visible, no shift besides bright
ness and saturation was visually noticeable. This is because
the difference was so small that the eye couldn't detect it.
The x, y, and Y values were converted to Munsell nota
tion but, since it was found that the chroma values were so
large that they couldn't be reproduced on a reflected sur
face, this system was abandoned as a means of expressing the
results.
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CONCLUSIONS
As can be seen from the enlarged CIE plots, the differ
ences between the fatigued eye and the fresh eye far exceed
that of the MacAdam ellipses and therefore it can be said
that the phenomenon observed is not caused solely by the
deficiency of the eye to match stimuli exactly. Also, since
with 60$ confidence 0 is not within any of the confidence
intervals, all of the changes are significant. There is,
then a significant change in brightness and saturation with
a greater saturation change in the red and green stimuli than
in the blue. There is no substanOial evidence, however, to
show that there is a significant change in dominant wave
length.
The tests of significant difference of mean and vari
ance for within observer readings as compared to between
observer readings are self-explanatory, indicating that, in
5 out of 6 values for the mean and 4 out of 6 values for the
variance, there is, with 90$ confidence, no significant dif
ference.
Concerning the 47B, it can be said that observers used
such a wide range of corrections, in both directions, that no
reliable statement can be made as to whether a CIE diagram for
the fresh eye is any different than that for the
fatigued eye.
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RECOMMENDATIONS
After studying this phenomenon and the subsequent dif
ficulties which have arisen from my investigation, I can now
suggest two paths which one might follow in a further pursuit
of my objectives and some common problems which might occur in
both pursuits.
One course that a further study might take is to modify
my design so that the observer, by turning some dials, may
make his own filtration corrections. This could possibly be
done by using a system similar to that used in a Chroma En-
larger. A second change would be to make the light more even
over the opal viewing screen by dividing it using mirrors as
is shown in Figure 1 1 . The hatched lines indicate a mirrored
surface.
OPAL
VIEWING
SCREEN
It.LIGHT
SOURCE
r
FIGURE 1 1
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Since it was found that the neutral density filters used
to reduce the brightness were not actually neutral and caused
some hue shift, it is also recommended that some type of dia
phragm system be used as an attenuator. It is also felt that,
since some observers were bothered by the waiting period for
the patch to come around, it might be wise to have the sta
tionary section in the central region of .thefield and to
have the patch move circularly around it as shown in Figure 12,
FIXATION
POINT
MOVING FIELD
STATIONARY FIELD
FIGURE 12
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A second course to follow would be to abandon the use of
transmitted light and use Munsell chips which could be mechan
ically changed until the observer makes a match. With this
system, the results would be much easier to calculate and
would probably be more meaningful.
No matter which of these two courses is chosen, some
further experimental design methods should be employed. More
care should be taken in the observers adaptation to the sta
tionary field. If the observer is provided with means to make
his own corrections, he should fixate on this field until he
is satisfied with the match, making sure he gazes at the field
for a minimum of 30 seconds. Much attention should also be
given to other factors such as the time of the day the read
ings are taken, how discriminative the observer is, and how
rushed for time he is when he makes his observations. Al
though the sum of these factors are important, it is diffi
cult to assess their significance in relation to the fact that
comparing a moving field with a stationary field, even under
ideal circumstances, is not an easy task. Therefore, if
future work on measuring this phenomenon is anticipated,
more effort should be directed toward accumulating a lot of
data than trying to eliminate every possible variable.
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FOOTNOTES
1
Committee on Colorimetry, Optical Society of America, The
Science of Color (New York, 1922), pp. 111-12.
2
William A. Shurcliff, "Decay Colorimetry," Journal of the
Optical Society of America, June 1 964, p. 847.
-^David L. MacAdam, "Measurement of the Influence of Local
Adaptation on Color Matching," Journal of the Optical Society
of America, June 1949, p. 454.
4^Committee on Colorimetry, pp. 111-19.
5W. D. Wright, The Measurement of Colour (Princeton, New
Jersey, 1964), p. 48.
~ ^
Ralph M. Evans, An Introduction to Color (New York,
1948), p. 181-82.
7
Committee on Colorimetry, pp. 111-12.
Q
Evans, p. 130.
Committee on Colorimetry, p. 100.
10Wright, p. 55.
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C. J. Bartleson, "Color-Appearance Measurement. I. A
Colorimeter for Haploscopic Color Matching, " Photographic
Science and Engineering, March-April 1966, p. 104.
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